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Closed-Loop Test Garbage Sorter Pilot Project

EXECUTIVE SUMMARY

This proposal presents a focused pilot for a closed-loop test garbage sorter. The system uses multi-signal sensing and
artificial intelligence to achieve high-accuracy material identification and separation. By repeatedly processing the same
controlled batch of mixed recyclables under RFID supervision, the system learns rapidly and generates clear performance
data. The pilot is designed to raise sorting efficiency, reduce operating costs, increase material recovery value, and
improve environmental outcomes. It is complementary to Al-enabled single-stream sorting and accelerated biological
processing concepts that convert landfill organics into pipeline-quality natural gas.

THE IDEA

A small-scale sorting line processes the same mixed batch of recyclables and residual waste in a continuous closed loop.
Temporary RFID tags provide perfect ground-truth labels for every item. Multi-signal sensors—near-infrared spectroscopy,
X-ray transmission/fluorescence, and radio-frequency or terahertz sensing—generate unique material fingerprints.
Robotic manipulators or precision air jets divert each item. Immediately after diversion, RFID readers verify classification
accuracy. Errors are fed back into the Al model for rapid retraining. The materials are remixed and the cycle repeats until
target accuracy is achieved. Once training is complete, the RFID tags are removed and the system operates on pure
sensor data.

This controlled environment allows the sorting system to learn from real materials at low cost and without the variability of
continuously introducing new waste streams.

WHY THIS BENEFITS TRASH AND RECYCLING COMPANIES

Successful development of this capability serves the direct economic and operational interests of industry operators:
1. More efficient — Higher throughput and higher purity with reduced manual intervention.
2. Cheaper to operate — Lower labor costs, fewer re-sorts, and less material lost to residual streams.

3. Better for the earth — Increased recovery of recyclable materials and reduced contamination sent to landfill or
disposal.

4. Increased profit — Higher commodity prices from cleaner glass, metal, and plastic streams combined with lower
operating costs per ton.

Cleaner recovered materials improve revenue. Lower residual rates and labor intensity improve margins. The pilot
generates the performance data needed to evaluate these gains with confidence.

FEDERAL FUNDING PATHWAY

Federal programs focused on advanced manufacturing, artificial intelligence, critical materials recovery, industrial
efficiency, and environmental technology are well-aligned with this pilot. Relevant agencies include the U.S. Department of
Energy, Environmental Protection Agency, National Science Foundation, and Department of Commerce. A focused pilot
that demonstrates measurable improvements in recovery rates, cost reduction, and scalable technology is competitive for
these funding streams. Grant support can cover sensor integration, robotic systems, Al development, facility setup,
testing, and independent performance validation.

UNIVERSITY PARTICIPATION

Universities can supply essential research capacity and independent technical rigor:

» Engineering and computer science departments can advance multi-sensor fusion algorithms, robotic control systems,
and machine-learning models.

» Materials science programs can refine sensor signatures and validate performance under real-world contamination
conditions.

» Business and public policy programs can analyze cost structures, market impacts, and pathways to industry adoption.

University partners also strengthen federal grant applications by providing independent expertise, student research
support, and rigorous data collection.

PILOT SCOPE AND SUCCESS METRICS
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The pilot is intentionally limited to a controlled test cell. It is not a full-scale material recovery facility. The objective is to
produce clear, reproducible performance data that industry operators and technology developers can use to evaluate
broader adoption.
Key success metrics include:

» Classification accuracy by material type

» Throughput at target purity levels

* Residual contamination rates

» Estimated economic impact per ton processed

CONCLUSION

The Closed-Loop Test Garbage Sorter Pilot offers a practical, low-risk path to improve sorting performance across the
waste and recycling sector. By generating hard data on accuracy, cost, recovery value, and environmental outcomes, the
project can help the industry move toward systems that are more efficient, less expensive to operate, better for the
environment, and more profitable.
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